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TUNABLE LASER SOURCE WITH 
INTEGRATED OFHCAL MODULATOR 

CROSS-REFERENCE TO RELATED APPLICATION 
This application claims priority under 35 U.S.C. § 119(e) of United States 
Provisional Patent Application Serial No. 60/152,432, filed September 3, 1999, by 
Thomas G.B. Mason, Larry A. Coldren, and Gregory Fish, entitled "TUNABLE LASER 
5 SOURCE WITH INTEGRATED OPTICAL MODULATOR," which appHcation is 
incorporated by reference herein. 

STATEMENT REGARDING FEDERALLY SPONSORED 
RESEARCH AND DEVELOPMENT 
10 This invention was made with Government support imder Grant No. N00014- 

96-1-6014, awarded by the Office of Naval Research. The Government has certain 
rights in this invention. 

BACKGROUND OF THE INVENTION 
15 1. Field of the Invention. 

This invention relates in general to semiconductor lasers, and in particular to a 
tunable laser source with integrated optical modulator. 

2. Description of the Related Art. 

20 Modem day usage of optical components and lasers has made communications and 

data transfer more efficient and more cost effective. The use of semiconductor lasers has 
made the ^brication and packaging of optical sources more cost effective, as well as 
reducing the size of the overall device. 

However, the requirements for communications and data transfer systems have 

25 also increased. Widely tunable lasers are essential components for a wide variety of 
wavelength-division mxiltiplexing (WDM) and packet switching network architectures. 
They can be used as replacement sources in long haul dense WDM communication 
systems or for wavelength routing in access networks. They are also important devices 
for next generation phased array radar systems that use true-time delay beam steering. 
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In order to achieve a wide tuning range, these devices reqxiire fairly large passive 
tuning elements. This makes die de\dces four to five times larger than conventional fixed 
wavelength lasers. However, having this large amoxmt of passive material in a laser cavity 
reduces the speed with which they can be turned on and off by direct current 
5 modulation. Moreover, the rate at which they are able to transmit data is limited, making 
them unsuitable for high bandwiddi applications. 

There are two other factors that make it difficult to use these devices to transmit 
data. The wavelength in a sampled grating distributed Bragg reflector (SGDBR) laser is 
controlled by ahgning a pair of reflection peaks in two mirrors with an optical cavity 

10 mode. When a gain current is modulated over a wide range of currents, it can disturb 

this alignment, resulting in mode instability within the device, which is highly undesirable 
for data transmission. To prevent this mode instability, such devices can only be 
modulated over a narrow range of output powers, which introduces a significant 
extinction ratio penalty to their data transmission performance. 

15 The other ptoblem with directly modulating a laser is frequency chirp, which is 

the shift in the laser oscillation frequency that occurs when the output power level is 
changed. This is undesirable in transmission systems, since frequency chirp causes pulse 
spreading, which limits the maximum distance over which data can be sent over an 
optical fiber or other dispersive medium. 

20 The three most successful types of widely tunable lasers ate the super stmcture 

grating distributed Bragg reflector laser (SSGDBR), the grating assisted codicecrional 
coupler with sampled grating reflector laser (GCSR), and the sampled grating DBR laser 
(SGDBR). AU of these devices are capable of continuous tuning ranges greater than 40 
nm. However, SGDBR lasers and other widely mnable designs have long active sections 

25 and faidy large optical cavities that limit their direct modulation bandwidth to between 3 
and 4 GHz. This enables them to be used in OC-48 data transmission systems imder 
direct modiilation, if some wavelength chirping can be tolerated. However, this 
bandwidth is insufficient for use in most phased array radar systems or in OC-192 data 
transmission networks operating at 10 Gb/s. 

30 In these applications, external modulators are firequently used to apply a radio 

frequency (RF) signal or data to the optical carrier. Even for long-haul OC-48 systems, 
external modulators are frequentiy used to minimize firequency chirp. However, external 
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modulators add significant cost and complexity to the optical assembly which can be 
prohibitive in systems that teqtiire a large number of mnable lasers and modulators. For 
this reason, it is desirable to monolithically integrate a high speed modulator widi a 
tunable laser on as a single semiconductor device. 

5 

SUMMARY OF THE IN\^"ENTIQN 
To minimize the limitations in the prior art described above, and to tninimize 
other limitations that will become apparent upon reading and understanding the present 
specification, the present invention discloses a device, method, and article of manufacture 

10 related to a tutiable laser source with integrated optical modulator. The tunable laser 
source is a widely mnable semiconductor laser that is comprised of an active region on 
top of a thick, low bandgap, waveguide layer, wherein both the waveguide layer and the 
active region are fabricated between a p-doped region and an n-doped region. An 
electro-absorption modulator is integrated into the semiconductor laser, wherein the 

15 electro-absorption modulator shares the waveguide layer with the semiconductor laser. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Referring now to the drawings in which like reference numbers represent 
corresponding parts throughout- 
20 FIG. 1 is a perspective view that illustrates the structure of a widely tunable 

semiconductor laser with an integrated electro-absorprioa modulator according to a 
preferred embodiment of the present invention; 

FIG. 2 illustrates a cross-section of the laser and modulator according to the 
preferred embodiment of the present invention; 
25 FIGS. 3 A and 3B are charts that iQustrate the tuning cur\^es for wide wavelength 

mmng according to the preferred embodiment of the present invention; 

FIGS. 4A, 4B, and 4C illustrate the Fran2-Keldysh effect in the modulator 
according to the preferred embodiment of the present invention; 

FIG. 5 is a chart that illustrates the response cur\^es for initial tests of the 
30 integrated laser and modulator device over a 50 nm tuning range according to the 
preferred embodiment of the present invention; and 
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FIGS. 6A and 6B are flowcharts illustrating the steps used in the fabrication 
process according to the preferred embodiment of the present invention. 

DETAILED DESCRIPTION OF THE IN^^ENTIQN 
5 In the following description of the preferred embodiment, reference is made to 

the accompanying drawings which form a part hereof, and in which is shown by way of 
illustration a specific embodiment in which the invention may be practiced. It is to be 
understood that other embodiments may be utilized and structural changes may be made 
without departing from the scope of the present invention. 

10 

Overvie\y 

The present invention provides a simple and effective method for creating a 
mnable laser with an integrated optical modulator that can be fabricated on a single 
semiconductor chip. The laser can be rapidly mned over a wide range of wavelengths, 

15 thereby enabling it to be used in a variety of applications from wavelength division 

multiplexed fiber optic communications to phased array radar. Integrating the modulator 
with the laser provides a highly desirable method for modulating the intensity of the 
output from the laser without perturbing its mode stability or introducing high levels of 
frequency chirp. It also enables much higher modulation frequencies to be reached than 

20 with the laser alone. 



Deface Strucmre 

FIG. 1 is a perspective view that illustrates the structure of a widely mnable 
setrdconductor laser with an integrated electro-absotption modulator according to a 

25 preferred embodiment of the present invention. The laser 10 is a four-section buried- 
ridge sampied-grating distributed Bra^ reflector (SGDBR) laser. The four separate 
sections of the laser 10 comprise tuning sections and include: a sampled grating back 
mirror section 12, a phase control section 14, a gain section 16, and a sampled grating 
front mirror section 18, An electro-absorption (EA) modulator 20 shares a common 

30 waveguide 22 with the back mirror section 12, phase control section 14, gain section 16, 
and front mirror section 18 of the laser 10, wherein the waveguide 22 is designed to 
pro\'ide high index tuning efficiency in the laser 1 0 and good reverse bias extinction in 
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the modulator 20. Generally, a bias voltage is connected to the top of the de\^ce and a 
ground is connected to the bottom. When the bias voltage on the gam section 16 is 
above a ksing threshold, laser 10 output is produced. 

FIG. 2 illustrates a cross-secrion of the integrated laser 10 and modulator 20 
5 device according to the preferred embodiment of the present invention. The device is 
comprised of an n-doped region 24, a thick, low bandgap waveguide layer 26 (to form 
the waveguide 22 shown in FIG, 1), an anti-reflective coating 28, a stop etch layer 30, an 
active region 32, a p-doped region 34, a p+ contact layer 36, and metal contacts 38. 

N-doped region 24 and p-doped region 34 are tj^icaliy of different dopant tj^es. 
10 Although indium phosphide (InP) is used in the preferred embodiment, the doped 
regions 24 and 34, and active region 32 can be of any laser producing material. 
Moreover, the relative positions of the n~doped region 24 and p-doped region 34 can be 
reversed without departing from the scope of the invention. 

A lateral waveguide 22 is formed by laterally patterning the waveguide layer 26 or 
15 layer 34 above it into a stripe geometr\\ A key design element of the present invention 
is that a single common waveguide 22 is used for the tuning sections 12, 14, 16, and 18 in 
the laser 10, and for the modulator 20. The lateral waveguide 22 structore may be 
formed as a buried ridge, or other type of lateral wavegmde 22 structure, such as a simple 
ridge, 

20 The p-doped region 34 also includes proton implants 40 above and beside the 

waveguide 22 that are blocking junctions that act as isolators to block lateral current 
leakage in the laser 10, as well as to provide isolation between sections in the laser 10, to 
reduce parasitic junction capacitance of the modxjlator 20, and to provide isolation from 
the modulator 20. 

25 The active region 32 includes offset multiple quantum wells (MQW) that provide 

the laser 1 0 output. When an electrical current passes from the p-doped region 34 to the 
n-doped region 24 through the active region 32, a laser 10 light output is produced from 
the MQW- The active region 32 and the waveguide layer 26 are separated by the stop 
etch layer 30 to enable the active region 32 to be removed with a selective wet etchant 

30 during fabrication. 

Both the back and front mirror sections 12 and 18 comprise a set of periodically 
sampled gratings that are etched into the waveguide layer 26 with a period 42. Gratings 
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of this type act as wavelength selective reflectors, wherein one or more specified 
sampling periods 42 will provide a partial reflection at periodic wavelength spacings of an 
optical signal carried by the waveguide 22. The laser 10 can be rapidly tuned over a wide 
wavelength range by proper adjustment of control currents for the mirror sections 12 
5 and 18, for example, as described in U.S. Patent No. 4,896,325, which is incorporated by 
reference herein. 

The anti-reflective coating 28 is applied to each end of die device after the device 
is cleaved out of the wafer. 

10 Tuning Curves 

FIGS. 3A and 3B are charts that illustrate the tuning curves for wide wavelength 
tuning according to the preferred embodiment of the present invention. In FIG. 3A, the 
X-axis is the back mirror 12 current (mA) and the Y-axis highest wavelength (nm). In 
FIG. 3B, the X-axis is the front mirror 18 current (mA) and the Y-axis highest 

15 wavelength (nm). 

As shown in FIGS. 3A and 3B, the principal advantage of this laser 10 is that it 
can be rapidly tuned over a wide wavelength range by proper adjustment of control 
currents for the mirrors 12 and 18. This is a highly desirable feature that makes the 
device of the present invention useful for current and next generation fiber networks. 

20 

Fran2-Keldysh Effect 

FIGS. 4A, 4B, and 4C illustrate the Franz-Keldysh effect in the modxaktor 20 
according to the preferred embodiment of the present invention. In these diagrams, 
is the energy level of the valence band (EJ, E, is the energy level of the conduction band 
25 (EJ, A E is the bandgap between E^ and E2, and A x is the thickness of the waveguide 
layer 26. 

In the present invention, performance is optimized by using a thick, low bandgap 
waveguide layer 26. This provides good index tuning efficiency in the mirror sections 12 
and 1 8, and a reasonable extinction ratio and chirp parameter in the modulator 20. 
30 The operation of the modulator 20 is based on either the Franz-Keldysh effect in 

a bulk setniconductor waveguide 22 or the quantum confined Stark effect in a MQW . 
When a strong electric field is applied to the waveguide 22, the band edge of the material 
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is shifted to lower energies allowing it to absorb the output light of the laser 10, as shown 
in FIGS. 4A, 4B, and 4C. This technique allows very rapid modulation of the laser 10 
with minimal wavelength chirping. Under proper conditions, this can produce sufficient 
optical loss to extinguish the output light intensity by more than 20 dB, even over a wide 
5 wavelength range. 

For narrower ranges of operation, the modulator 20 coxild comprise an MQW 
modulator grown into the center of a higher bandgap waveguide layer 26. This would 
provide less efficient tuning in the laser 10, but would allow for lower voltage operation 
in the modulator 20, since the bandgap detuning can be reduced due to the sharper 
10 absorption edge of the MQW stmcture. 

Response Curves 

FIG. 5 is a chart that illustrates the response curves for ioitial tests of the 
integrated laser 10 and modxilator 20 device over a 50 nm tuning range according to the 

15 preferred embodiment of the present invention. These initial tests of the butied 
heterostmcture electro-absorption modulator 20 integrated with a sampled grating 
distributed Bragg reflector laser 1 0 were conducted to demonstrate the operation and 
benefits of the present invention. In these tests, a 400 nanometer thick wavegmde 22 
with a bandgap wavelength of 1.4 microns was used. The laser 10 had a tuning range of 

20 more than 47 nanometers. The modulator 20 was able to produce more than 26 dB over 
this entire tuning range with only a 4 volt bias. 

Fabrication Process 

FIGS. 6A and 6B are flowcharts illustrating the steps used in the fabrication 
25 process according to the preferred embodiment of the present invention. FIG. 6A 

shows the steps used when a lateral waveguide is being formed as a simple ridge, while 
FIG. 6B shows the steps used for other types of lateral waveguiding structures, such as a 
bviried ridge stripe. 

Referring to FIG. 6A, Block 44 represents a first growth step, with an n-InP 
30 buffer layer 24, Q-waveguide layer 26, stop etch layer 30, active MQW r^on 32, and 
small portion of the p-InP cladding layer 34 being grown. 
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Block 46 represents the patterning and selectively etching off of the thin top p- 
InP cladding layer 34 and active regions 32 down to the stop-etch layer 30, everywhere 
except in the gain section 16 of the laser 10, 

Block 48 represents the patterning and etching of one or more sets of 
5 periodically sampled gratings with period 42 in the mirror sections 12 and 18. 

For the simple ridge. Block 50 represents the second growth that completes the 
vertical structure growth of the p-InP cladding layer 34 and the p+ contact layer 36 
beneadi the contacts 38. 

Block 52 represents the proton implants 40 being performed to isolate sections 
10 of the laser 10, and to provide isolation between the modulator 20 and the laser 10. 

Block 54 patterns the contacts 38, removes the p+ contact layer 36 therebetween 
by etching, and metalizes the contacts 38. 

Block 56 etches a ridge waveguide 22 stripe down to the active region 32 or the 
waveguide layer 26. 

15 Block 58 cleaves the laser 10 and modulator 20 device out of the wafer, and then 

applies antireflective (AR) coatings 28 on each end of the device. 

Referring to FIG. 6B, Block 60 represents a first growth step, with an n-InP 
buffer layer 24, Q-waveguide layer 26, stop etch layer 30, active MQW region 32, and 
thin p-InP cladding layer 34 being grown. 
20 Block 62 represents the patterning and selectively etching off of the thin top p- 

InP cladding layer 34 and active regions 32 down to the stop-etch layer 30, everywhere 
except in the gain section 16 of the laser 10. 

Block 64 represents the patterning and etching of one or more sets of 
periodically sampled gratings of period 42 in the mirror sections 12 and 18 that are 
25 coupled to the active region 32. 

For the buried ridge, Block 66 represents the second growth step, which 
comprises only a thin additional growth of the p-InP cladding layer 34 to cover the 
periodically sampled 42 gratings in the mirror sections 12 and 18. 

Block 68 represents a patterning and etching of the buried ridge waveguide 22 
30 stripe, which is etched laterally to beneath the waveguide layer 26. 

Block 70 represents a third growth of the p-InP cladding layer 34 and the p+ 
contact layer 36. 
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Block 72 represents proton implants 40 being perfonned to isolate sections of 
the laser 10, and between the modulator 20 and the laser, as well as to limit lateral current 
leakage. 

Block 74 patterns the contacts 38, removes the pH- contact layer 36 therebetween 
5 by etching, and metalizes the contacts 38. 

Block 76 cleaves the laser 10 and modulator 20 device out of the wafer, and then 
applies antireflective (AR) coatings 28 on each end of the device. 

Conclxision 

10 This condudes the description of the preferred embodiment of the invention. 

In summary, the present invention discloses a device, method, and article of 
manufacture related to a tunable laser source with integrated optical modulator. The 
tunable laser source is a widely tunable semiconductor laser that is comprised of an active 
region on top of a thick, low bandgap, waveguide layer, wherein both the waveguide layer 

15 and the active region are fabricated between a p-doped region and an n-doped region. 
An electro-absorption modulator is integrated into the semiconductor laser, wherein the 
electro-absorption modulator shares the waveguide layer with the semiconductor laser. 

The foregoing description of the preferred embodiment of the invention has been 
presented for the purposes of illustration and description. It is not intended to be 

20 exhaustive or to Umit the invention to the precise form disclosed. Many modifications and 
variations are possible in light of the above teaching. It is intended that the scope of the 
invention be limited not by this detailed description, but rather by the claims appended 
hereto- 



wo 01/18919 



10 



PCT/USOO/23710 



WH.\T IS CLAIMED IS: 

1. A tunable laser source comprising 

a widely tunable semiconductor laser comprised of an active region on top of a 
thick, low bandgap, waveguide layer, wherein both the waveguide layer and the active 
5 region are fabricated between a p-doped region and an n-doped region; and 

an electro-absorption modulator integrated into the semiconductor laser, wherein 
the electro-absorption modulator shares the waveguide layer with the semiconductor 
laser. 

2. The tunable laser source of claim 1, wherein the semiconductor laser 
includes a sampled grating back mirror, a phase control section, a gain section, and a 
sampled grating front mirror. 

3. The tunable laser source of claim 2, wherein the wavegmde layer is a 
single common waveguide layer used for the sampled grating back mirror, phase control 
section, gain section, sampled grating front mirror, and modulator. 

4- The tunable laser source of claim 1, wherein the waveguide layer is 
designed to provide high index tuning efficiency in the laser and good reverse bias 
extinction in the modulator. 

5. The tunable laser source of claim 1, wherein the waveguide is a buned 
heterosttucture waveguide that includes offset multiple quantum wells (MQW) that 
provide the laser's output. 

25 

6. The tunable laser source of claim 1, wherein the waveguide is a ndge 
waveguide that includes offset multiple quantum weUs (MQW) that provide the laser's 
output. 





30 



7. The tunable laser source of claim 1, wherein the waveguide layer includes 
a blocking jimction that blocks lateral current leakage in the laser and reduces parasitic 
junction capacitance of the modulator. 
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8. The tunable laser source of daim 1, wherein the semiconductor laser is 
rapidly tuned over a wide wavelength range by proper adjustment of control currents for 
the mirrors, 

5 

9. A mediod for fabricating a tunable laser with an integrated modulator, 
comprising: 

(a) performing a first growth step, wherein a buffer layer, a waveguide layer, a 
stop etch layer, an active region, and a terminating layer are grown on a semiconductor 

10 wafer; 

(b) patterning and etching the terminating layer and active region down to the 
stop-etch layer, everywhere except in a gain section of the laser; 

(c) patterning and etching of one or more sets of periodically sampled gratings in 
one or more mirror sections of the laser; 

15 (d) performing a second growth step that completes a vertical structure growth of 

the terminating layer and a contact layer beneath one or more contacts of the laser; 

(e) isolating sections of the laser from one another, and between the modulator 
and the laser; 

(f) patterning the contacts of the laser, removing the contact layer therebetween 
20 by etching, and metalizing the contacts; 

(g) patterning and etching a ridge waveguide stripe down to either the active 
region or the waveguide layer and; 

(h) cleaving the device out of the wafer, and then applying an antireflective 
coating on at least one end of the device. 

25 

10. The method of claim 9, wherein the laser includes a sampled grating back 
mirror, a phase control section, a gain section, and a sampled grating front mirror. 



30 



1 1 - The method of claim 9, wherein the waveguide layer is a single common 
waveguide layer used for the sampled grating back mirror, phase control section, gain 
section, sampled grating front ntirror, and modulator. 
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12. The method of claim 9, wherein the waveguide layer is designed to 
provide high index tuning efficiency in the laser and good reverse bias extinction in the 
modulator. 

5 13. The method of claim 9, wherein the waveguide is a buried heterostructure 

waveguide that includes offset multiple quantum wells (MQW) that provide the laser's 
output 

14. The method of claim 9, wherein the waveguide is a ridge waveguide that 
10 includes offset multiple quantum wells (MQW) that provide the laser's output. 

15. The mediod of claim 9, wherein the waveguide layer includes one or 
more blocking junctions that blocks lateral current leakage in the laser and reduces 
parasitic junction capacitance of the modulator. 

15 

16. The method of claim 9, wherein the laser is rapidly tunable over a wide 
wavelength range by proper adjustment of control currents for its mirrors. 

17. An article of manufacture comprising a mnable laser with integrated 
20 optical modulator fabricated according to the method of claim 9. 

18. A method for fabricating a tunable laser with an integrated modulator, 
comprising: 

(a) performing a first growth step, wherein a buffer layer, a waveguide layer, a 
25 stop etch layer, an active region, and a cladding layer are grown on a semiconductor 

wafer; 

(b) patterning and selectively etchiag off of the cladding layer and active region 
down to the stop-etch layer, everywhere except in a gain section; 

(c) patterning and etching of one or more sets of periodically sampled gratings in 
30 one or more mirror sections of the laser; 
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(d) performing a second growth step, wherein an additional growth of the 
cladding layer is grown to cover one or more periodically sampled gratings in the mirror 
sections; 

(e) patterning and etching a buried ridge waveguide stripe, wherein the waveguide 
5 strip is etched laterally to beneath the waveguide layer; 

(f) performing a third growth step that completes a vertical structure growth of 
the terminating layer and a contact layer beneath one or more contacts of the laser; 

(g) isolating sections of the laser from one another, and between the modulator 
and the laser; 

10 (h) patterning the contacts of the laser, removing the contact layer therebetween 

by etching, and metalizing the contacts; 

® cleaving the device out of the wafer, and then applying antiireflecrive coatings 
on at least one end of the device. 



15 19. The method of claim 18, wherein the laser includes a sampled grating 

back mirror, a phase control section, a gam section, and a sampled grating front mirror. 

20. The method of claim 1 8, wherein the waveguide layer is a single common 
waveguide layer used for the sampled grating back mirror, phase control section, gain 

20 section, sampled grating front mirror, and modulator. 

21. The method of claim 18, wherein the waveguide layer is designed to 
provide high index tuning efficiency in the laser and good reverse bias extinction in the 
modulator. 

25 

22. The method of claim 1 8, wherein the waveguide is a buried 
heterostmcture waveguide that includes ofifset multiple quantum wells (MQW) that 
provide the laser's output. 

30 23. The metiiod of claim 18, wherein the waveguide is a ridge waveguide that 

includes offset mialtiple quantum wells (MQW) that provide the laser's output. 
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24. The method of claim 1 8, wherein the waveguide layer includes one or 
more blocking junctions that blocks lateral current leakage in the laser and reduces 
parasitic junction capacitance of the modulator. 

25. The method of claim 18> wherein the laser is rapidly tunable over a wide 
wavelength range by proper adjustment of control currents for its mitxors, 

26. An article of manufacture comprising a tunable laser witii integrated 
optical modulator fabricated according to the method of claim 18. 
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As a below named inventor I hereby declare that: my residence, post office address and citizenship are as ^siatetl below 
next to xsxf namc^ th»t 

I verily believe I am the original, first and sole inventor (if only one name is hsted below) or a jomt invejator {i£ plutal 
inventors are named below) of the subject matter which is claimed and for which a patent is sought on the itivention 
entitled- 

TUNABLE LASER SOURCE WITH INTEGRATED OPTICAL MODULATOR 
The specification of which 

a. n attached hereto- 

b. 13 was filed on A^gii^t 29 , 2000 as PCT International Application Number PCT/USQ0/2371Q> which I have 
reviewed -And for wjuch I solicit a United States patent 

I hereby state that I have reviewed and understand the contents of the above-identified specification, mcIiicUng the 
claims, as amended by any amendment referred to above 

I acknowledge the duty to disclose information which is matenai to the patcntablhty of this application Aia 'iccotciancc 
with Title 37, Code of Federal Regulations, § 1 56 (attached hereto). 

I hereby claim foreign pnonty benefits under Title 35, United States Code, § 119(a)-(d) ot 365(b) of any fcxcij^n 
apphcatioa(s) for patent or inventor's certificate or 365(a) of any PCT international apphcation which designated at L-sist 
one country other than the United States of America, listed below and have also identified below any fot»"jgt^ apphcatior 
for patent or mvcntox 5 certificate ox any PCT application having a filing date before that of the applicatK^n on he b.isis 
of which pnonty is claimed* 



a. ^ no svch apphcations have been filed 

[~] such applications have been filed as follows: 
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I hereby claim the benefit under Title 35, United States Code, § 120 of any United States appUc^tion($), or 3(>!){t) of any 
PCT iatcznational applicatioa(5) designating the United States of America, hsted below and, insofar as the '>iibject mat^.ct 
of each of the claims of this application is not disclosed m the prior United States or PCT mtemationai apphcati<>fi in she 
manner provided by the first paragraph of Titk 35, United States Code, § 112, 1 acknowledge the duty to di>cjosr 
material information as defined in Tide 37, Code of Federal Regulations, § 1 56(a) which occurred betu^etr> tne tiliig 
date of the pnot apphcaUon and the national or PCT international filing date of this application. 
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1 hercby appoint the foBo^3«30g attorneys to peosccuic tfcis appHcatcon and to transact all busuxcss in the Pat«at aiwi 
Tradoaaart Of 6ce coftncctcd betewitk- 



Geocge H. Gates 
Victox G. Cxxyper 
Kflxen S Canady 
mhmxj Wood 
)asoc S Feldmar 
Btadie:v' K. Ijottx 



Ke^tration No 33vb(X) 
Registxabon No. V^M ^ 
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Registration No 42J236 
Rjegistratioa No 5<? J87 
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hereby dedaxr tfaal I hav^e consented after fiiDi disdosute to be xqpicsenled ttoless/imtil i iostmcr Gates & G> f IP 
to the ooatmry. 



Please direc t aQ cornespondence in this case to die firm of Gates Sc Cooper IXP at the addxes?^ mdicaUMi bcIo\* 




CUSTOMER NUMBI 

Gales Si Cooper LLP 
Hotsraid Hi^cs Cencer 
6701 Center Dtive West, Suite 1050 
Los Angeles, CA 90045 
(310) 641-8-/97 

I hexeby dedaxe tihat aH statemeats made herein of my own Iknowiedge ate true and diat all $tatesaeut:> tcuuk >u 
m^tm3ti<m aad beEef are beJiewed to be txuc, and fuftbei that these statements wete cotade with the kn<>wledgt tkM 
wiflful €alse statements ax>d the Ufec w made are punishable by fine or tctxp6$omJxcsiU or both, under Sect^oo l(X>l of 
Title IS of the United States Code and that such wiflfol f^se statements may jeopardize die validity of the apolicatuon or 
any patent issued dieie<». 
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(2) 



Oflnve^aST 



Residence 
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City 



Signature of Inventot(2): 



^8t Office Address 

4665 Via Visjper^ 



(3) 



FuH Name 
Of InventO! 



Residence 



Post Office 
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Family Name 
FISH 



City 

Saata Barbara 



Post Office Address 
5049 Via Lata 



Fit$t Givet^ Naxne 

Larrv 



Stare or Foreij 



Copntry 



Lta Barbara 
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Fir 8t Given Name 
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Santa Barbara 
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§ hS6 Duty to disclose iixfotmatton material to patentability, 

(a) A patent by its very nature is affected with a public interest. The public interest is best served, and the most effective 
pateut cxaxTUnation occuts when, the time ao application w bcmg ocamincd, thr Office is aware of and e^/aiuates thi- 
teachings of aU information matenal to patentability. Each individual associated with the filing and ptosccAmon of a 
patent application has a duty of candor and good faith m dealing with the Office, which includes a duty f o disclose ro the 
Office all infotmatxon known to that individual to be material to patcntabthty as defined in this section. The duty to 
disclose information exists with respect to each pending daim undl the claim is canceled or withdrawn fjom 
consideration, or the application becomes abandoned Information material to the patentability of a claim that is 
canceled or withdrawn from consideration need not be submitted if the mformation is not material to the patentability 
of any claim remaining under consideration in the apphcation. There 15 no duty to subnXlt information which i$ not 
material to the patentability of any existing claim The duty to disclose all information known to be matenal to 
patentability is deemed to be satisfied if all information known to be material to patentability of any claim issued ui 
patent was cited by the Office or Submitted to the Office m die manner prescnbed by §§ 1.97(b)-(d) and 1 98 However, 
no patent will be granted on an apphcation to connection with which fraud on the Office was practiced or attempted or 
the duty of disclosure was violated through bad faith or intentional misconduct The Office encoumges apipLcaiits to 
carefully examine 

(1) pnor art cited m search reports of a foreign patent office m a counterpart apphcation, and 

(2) the closest mformation over which individuals associated with the filing or prosecution of a patent 
application bchcvc any pending claim patentably defines, to make sure diat any matenal mformation contained 
therein is disclosed to the Office. 

(b) Under dris section, informatton is material to patentability when it is not cumulative to information alre-idy of record 
or being made of record m the application^ and 

(1) It establishes, by itself or in combination with other mformation, a pnma facie case of unpatentability of a 
daim, or 

(2) it refutes, or is inconsistent with, a position the applicant takes in 

(i) opposmg an argument of unpatentability relied on by the Office, or 
(n) asserting an argument of patentabihty. 

A pnma facie case of unpatentability is estabhshed when the information compels a condusJon that a rlatm i< 
unpatentable under the preponderance of evidence, burden- of-proof standard^ giving each term in th.- cUio) )t^ brdatl st 
reasonable construction consistent with the spcaficatlon, and before any consideration is given to evidence u h<( h n:ay 
be submitted m an attempt to estabhsh a contrary condusion of patentabihty. 

(c) Individuals associated with the fihng or prosecution of a patent apphcation within the meaning cf this . t-cuob are- 

(1) each inventor named m the apphcation: 

(2) each attorney or agent who prepares or prosecutes the apphcation, and 

(3) every .other person who is substantivdy involved in the preparation ox prosecution of the applirafion and 
who IS associated with the inventor, with the assignee or with anyone to whom there is an obhgation to assign 
the apphcation 

(d) Individuals other than the attorney, agent or inventor may comply with this section by disclosing infoncatiot. to the 
attorney, agent, or inventor. 
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VERIFIED STATEMENT (DECLARATION) CLAIMING SMALL ENTITY STATUS 
(37 CRK L9(f) AND L27(c)) - SMALL BUSINESS CONCERN 

I hereby declare that I am: 

K axj officiai of the sjuail biisijcxcss conce-jtxi. empoweted ix) acr on beKalf of the coacem identified beiow: 

NAME OF CONCEKN: Agility Commuxiications, Iixc. 

ADDRESS OF CONCERN; 421 Pine Avenue 

Sania Barbara, Califdroia 93117 

I hereby dcciatc that the abovc-idcutijSicd ^maU bu«UAc$3 coaccta <^uaUfies as a small bmsiness as defined m H CJ^ R. 
121-801-805, and reproduced m 37 C.RR. 1.9(d) for purposes of paying reduced fees under Scctloji 41(a) aad (b) of Title 3:5. 
United States Code, in that the number of employees of the cortcetn, including those of its affiliates^ does not exaed 500 
persons. For purposes of this statetnent, (1) the number of employees of the concern is the average ovet the ptrcviou^ &hcn 
year of the concern of the persons employed on a full-ttme, part-time or temporary basis dudng each of the pay periods of the 
fiscal year, and (Z) concerns are affiliates of each other when either, ditcctfy ot indirectly, one concern controls or has the power 
to control the other, or a third party or parties controls or has the power to control both, 

I hereby dcd^c that nghts under contract or kw have been conveyed to and remam with the sm2dl bu'jinesn concrni 
identified above with regard to the invention, cntidcd TUNABLE LASER SOURCE WITH INTEGR ATED OI^ICAI. 
MODULATOR by mventor(3) Thomas. fiffi^ATO JKck MaaoiL A- Coldrgt^ and Gtcgot y F«h descobcd tn* 

13 Intcmationai Apphcation No. PCT/US00/2371Q^ filed in the United States Receiving Office 
QtiAiigiiat2g,20W. 

If the rights held by the above-idennfied small business concern are not exclusive, each Kidivtdiial, concfm or 
organizadon having rights to the invcndoa listed below* and no rights to the invention are held by any person, other thajj thz 
inventor, who could not quahfy as an mdependent inventor under 37b C,F K L9(c) ot by any concern which would not <ju:ilify 
as a small bu5JUac$s concern under 37 C F R. 1.9(d) or a nonprofit organization under 37 C.F.R- 1 9(e) *NOTH: Separati- 
verified statements are required fi:om each named person, concern or organisation having rights to the invfUiLon aviiiiong to 
their status as small entities, (37 CJ^-R. 1.27) 

NAME The Regents of the University of Cahfotma 

APDRESS llllJFranklia^ttggt. 12^ Floor, OaKtand California 94607-5^00 

□ INDIVIDUAL □ SMALL BUSINESS S NONPROFIT ORCANIZATION 

NAME ^.„.^ 

ADDRESS 

Q INDIVIDUAL n SMALL BU5INE55 □ NONPROFIT ORG.^N^Z^'^l ^ )N 



I acknowledge the duty to file, in this application or patent, notification of any change in status resulting ap Joss of 
entiriemcnt to gmall cnttty status prior to paying, or at the tunc of payic^g, the carhest of the issue fee or any maintenance fee Jiie 
after the date on which status as small entity is no longer appropriate. (37 CF.R. 1.28(b)) 

I hereby declare that all statements made herein of my own knowledge arc true and that all statement? m idv f «i 
information and belief are believed to be true; and further that these statements were made with the knowledge tiiat wrdlful false 
statements and the like so made are punishable by fine or imprisonment, or both under Section 1001 of Tide 1« of the 1 hiitzd 
States Code, and that such wdlful false statements may jeopardize the validity of the apphcation, any patent S^.&uing tliereo^ ) ' 
any patent to which this verified statement is directed. 

NAME: Ron Nelson 

TIIT£: President and CEO ' 

Ai:)DRESS: 421 Pine Avmne _ 



Santa Bar) 

SIGNATURE: X ' 
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NONPROFIT ORGANIZATION 

VERIFIED STATEMENT pECLARATION) CLAIMING SMALL ENTITY STATUS 
(37 C.F.R. 1.9(e) AND 1.27(d)) - NONPROFIT ORGANIZATION 

I hereby declare that I am an official empowered to act on behalf of the nonprofit organization identified below: 

NAME OF ORGANIZATION: The Regents of the University of CaHfomia 

ADDRESS OF 1111 Franklin Street, 12^ Floor 

ORGANIZATION: Oakland, CaHfomia 94607 

TYPE OF NONPROFIT ORGANIZATION: 

a) UNIVERSITY OR OTEDER INSTITUTION OF HIGHER EDUCATION 

b) □ TAX EKEMPT UNDER INTERNAL REVENUE SERVICE CODE (26 U.S.C. 501 (a) and 501 (c)(3)) 

c) □ NONPROFIT SCIENTIFIC OR EDUCATIONAL UNDER STATUTE OF STATE OF THE UNITED 

STATES OF AMERICA 

(NAME OF STATE ) 

(CITATION OF STATUTE ) 

d) □ WOULD QUALIFY AS TAX EXEMPT UNDER INTERNAL REVENUE SERVICE CODE (26 U.S.C. 

501(a) and 501(c)(3)) IF LOCATED IN THE UNITED STATES OF AMERICA 

e) □ WOULD QUALIFY AS NONPROFIT SCIENTIFIC OR EDUCATIONAL UNDER STATUTE OF 

STATE OF THE UNITED STATES OF AMERICA IF LOCATED IN THE UNITED STATES OF 
AMERICA 

(NAME OF STATE ) 

(NAME OF STATUTE ) 

I hereby declare that the nonprofit organization identified above qualifies as a nonprofit organization as defined 
ia 37 CF.R. 1.9(e) for purposes of paying reduced fees under Section 41(a) and (b) of Titie 35, United States Code, in 
regard to the invention, entitled: TUNABLE LASER SOURCE WITH INTEGRATED OPTICAL 
MODULATOR by inventor(s) Thomas Gordon Beck Mason, Larry A. Coldren, and Gregory Fish described in: 

S International Application No. PCT/USOO/23710, filed in the United States Receiving Office 

on August 29, 2000. 

I hereby declare that rights under contract or law have been conveyed to and remain with the nonprofit 
organization with regard to the above-identified invention. 

If the rights held by the nonprofit organization are not exclusive, each individual, concern or organization having 
rights to the invention listed below* and no rights to the invention are held by any person, other than the inventor, who 
could not qualify as an independent inventor under 37b CF.R. 1.9(c) or by any concern which would not qualify as a 
small business concern under 37 CF.R. 1.9(d) or a nonprofit organization under 37 C.F.R. 1.9(e). *NOTE: Separate 
verified statements are required from each named person, concern or organization having rights to the invention 
averring to their status as small entities. (37 CF.R. 1.27) 

NAME AgiHty Communications, Inc. 

ADDRESS 421 Pine Avenue. Santa Barbara. CaHfomia 93117 

□ INDIVIDUAL H SMALL BUSINESS □ NONPROFIT ORGANIZATION 

NAME 

ADDRESS 

□ INDIVIDUAL □ SiMALL BUSINESS □ NONPROFIT ORGANIZATION 

I acknowledge the duty to file, in this application or patent, notification of any change in status resulting in loss of 
entitiement to small entity status prior to paying, or at the time of paying, the earliest of the issue fee or any maintenance 
fee due after the date on which status as small entity is no longer appropriate. (37 CF.R. 1.28(b)) 

I hereby declare that all statements made herein of my own knowledge are true and that all statements made on 
information and belief are beHeved to be true; and further that these statements were made with tiie knowledge that 
willfiil false statements and the like so made are punishable by fine or imprisonment, or botli under Section 1001 of Titie 



18 of the United States Code, and thflc sucii \pillfui false sLacemcnu mvy jcopotdixe ihc validity of tbc application, any 
psrooic isaubg theieof^ or any patent to "wHdx fbib vcn&d scatcmcni is dkecnd. 
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TITLE. licensing Officer 
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Oaklaid. Cafifomk 94607-5200 
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